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Objectives: Authors investigated the pattern of the rate of occupational injuries and illnesses (ROII) at the level of enterprises 
in order to build a network for exchange of experience and knowledge, which would contribute to workers’ safety and health 
through safety climate of workplace.
Methods: Occupational accidents were analyzed at the manufacturing work site unit. A two step clustering process for the past 
patterns regarding the ROII from 2001 to 2009 was investigated. The ROII patterns were categorized based on regression analysis 
and the patterns were further divided according to the subtle changes with Mahalanobis distance and Ward’s linkage. 
Results: The first clustering of ROII through regression analysis showed 5 different functions; 29 work sites of the linear function, 
50 sites of the quadratic function, 95 sites of the logarithm function, 62 sites of the exponential function, and 54 sites of the sine 
function. Fourteen clusters were created in the second clustering. There were 3 clusters in each function categorized in the first 
clustering except for sine function. Each cluster consisted of the work sites with similar ROII patterns, which had unique character-
istics. 
Conclusion: The five different patterns of ROII suggest that tailored management activities should be applied to every work site. 
Based on these differences, the authors selected exemplary work sites and built a network to help the work sites to share infor-
mation on safety climate and accident prevention measures. The causes of different patterns of ROII, building network and evalu-
ation of this management model should be evaluated as future researches.
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Introduction
Since 1975, Korea has kept track of  the rate of  occupational 
injuries and illnesses (ROII) as an indicator for workers’ safety 
and health. The ROII steadily fell from 4.39% in 1975 to 0.77% 
in 2001 and to 0.70% in 2009. As of 2009, out of 13,884,927 
workers nationwide, 97,821 have become victims to workplace 
accidents and diseases, leading to 2,181 deaths. In particular, 
34% of the injuries and illnesses (32,997 workers) belonged to 
the manufacturing industries. 
The Korean economy has currently been moving from 
manufacturing to the services industry as part of the de-indus-
trialization process. This trend requires reforming the policies 
for the sake of workers’ safety and health. However, due to the 
rise in the services sector, manufacturing workers’ safety and 
health possibly fails to receive due attention. Moreover, the 
workers are always under pressure to improve productivity and 
quality. This mental burden causes the workers to ignore safety 
rules and regulations, thus exposing them to high workplace 
risk [1]. 
Traditional measures to prevent occupational injuries and 
illnesses separately analyzed people, technology, and the work 
context by means of  focusing on sociological, technological, 
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or organizational approach [2]. However, these traditional 
measures have clear limitations in responding to the continu-
ously changing work conditions [3]. Against this backdrop, 
various alternatives such as Health and Safety Management 
Best Practices [4,5], Safety Improvement Projects [6-8], and 
Risk Management System [9] have been presented. In addition, 
a number of researchers are delivering studies on safety culture 
and safety climate, though their clear definitions are yet to be 
determined [10,11]. Safety culture refers to workers’ belief  in 
safety, while safety climate means a sum of mindsets among 
workers about safety. If  the safety climate is shared, the ROII 
can be lowered. A previous study found that as two manufac-
turing sites exchanged safety knowledge, their safety climates 
improved, with subsequent fall in the ROII [12]. Most of the 
theories on accident occurrence focus primarily on environ-
mental factors and work conditions [13]. However, a number 
of empirical researches point a finger at flawed machinery or 
unfavorable behaviors by workers as the main reasons behind 
accidents, placing priority on indirect factors like physical work 
environments and unsafe work behaviors. Sound safety culture 
plays a key role in removing both direct and indirect factors 
causing occupational accidents. The presumed effect of safety 
climate on workplace injuries has often been examined in stud-
ies that related an assessment of safety climate to injuries that 
occurred prior to that assessment time. But there are important 
theoretical differences between the safety climate→injury and 
injury→safety climate conceptualization [14]. 
There are several factors, which positively contribute to 
safety culture including values, concepts, attitudes, and safe 
behaviors shared by workers, policies to reduce work risk and 
their execution. Worksites can upgrade their organizations and 
safety culture through policies, incentives for the workers, con-
tinuous training, fluid information about the risks, preventive 
planning, emergency planning, internal control, and bench-
marking techniques. Workers’ perspectives on safety culture are 
interdependent, and not isolated [15]. Safety climate suggests a 
temporary assessment on safety culture by finding shared con-
cepts among the workers within the organization [16]. There-
fore, depending on the current environments or other main 
factors, safety climate can easily be changed [17]. In the mean-
time, safety culture barely changes since it is voluntarily built 
by the organization. Since safety behaviors within the organi-
zation are determined by unified mechanisms for human rela-
tions, communication, role playing, imitation, and indications 
[18], communications and exchanges among organizations are 
necessary to build safety culture. 
This study focused on a network among worksites for 
safety climate improvement and prevention of  injuries and 
illnesses. To build this network, it is necessary to sort the work-
sites with similar ROII patterns into each group. However, 
there has been lack of  the standards to categorize the ROII 
patterns. Therefore, it would require excessive amounts of time 
and cost to build a model for ROII similarity. In this context, 
this study clustered worksites, which presented similarity in 
ROII patterns in the past. The authors wished to determine 
whether the database obtained by analyzing each cluster and its 
characteristics would contribute to safety culture and preven-
tion of injuries and illnesses at work place. 
Materials and Methods
Data collection
The Korea Occupational Safety and Health Agency runs the 
databases on worksites nationwide and occupational injuries 

















2001    909,461 10,581,186 81,434 187,326 2,923,112 35,525 806 846,633 4,812
2002 1,002,263 10,571,279 81,911 194,219 2,858,337 34,941 768 772,543 4,964
2003 1,006,549 10,599,345 94,924 198,492 2,840,359 40,230 757 717,384 7,305
2004 1,039,208 10,473,090 88,874 214,002 2,929,998 37,599 756 728,552 7,517
2005 1,130,094 11,059,193 85,411 222,841 3,054,064 36,033 759 769,150 5,481
2006 1,292,696 11,688,797 89,910 236,492 3,033,228 35,946 693 683,257 4,278
2007 1,429,885 12,528,879 90,147 247,522 3,096,006 34,151 657 676,866 3,851
2008 1,594,793 13,489,986 95,806 255,135 3,104,554 35,848 638 633,838 3,850
2009 1,560,949 13,884,927 97,821 257,686 3,182,262 32,997 624 668,599 2,922
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Among those having bought the insurance, the manufacturing 
sector accounted for 16% (257,686) in 2009. Currently, the 
rate of injuries and illnesses at work has been stagnant at the 
0.7% level. Therefore, it is assumed that large-sized workplaces 
should play a key role in further lowering the rate. Against this 
backdrop, this study targeted manufacturing sites with 300 or 
more employees with the ROII as an object variable. The data 
preprocessing showed that 295 worksites continuously operated 
from 2001 to 2009, maintaining the same workplace manage-
ment numbers (Table 1). 
and illnesses. These data provide a range of  information re-
garding businesses covered by workers’ insurance and victims 
of  occupational accidents. The database on worksites deals 
with general workplace information including industry types, 
sizes, the number of workers, locations, workers suffering from 
accidents or diseases, injuries, illnesses, deaths, and workplace 
management numbers, which are tantamount to business iden-
tification numbers. Around 31% of  the total workplaces na-
tionwide, the number of businesses covered by workers’ insur-
ance has risen from 10,581,186 in 2001 to 13,884,927 in 2009. 
Fig. 1. Simulation graphs of five different functions.
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Pattern fitting for the ROII and clustering step 1 
The 295 manufacturing sites surveyed took different patterns 
in the ROIIs from 2001 to 2009. Through the clustering step 1, 
the worksites were divided according to ROII patterns. In order 
to identify minimum commonalities, the overall trend had to be 
understood. To this end, various regression analyses were de-
livered. The ROII (y) consisted of the model estimation (c) and 
the error term (ε), which could not be explained by the models. 
To sort out the model with minimum ε, the patterns were dem-
onstrated by a linear function, a quadratic function, a logarithm 
function, and a sine function, as presented in Fig. 1 [19]. The 
author chose the one with maximum F statistics regarding the 
gap between variations and chance variations by fitting the 295 
worksites into the five functions. 
The five functions demonstrated distinct characteristics. 
In the linear function, the worksites were categorized by α and 
β. The α signaled the ROII rate in the past. When β was posi-
tive, the ROII was on the rise. In this context, the negative β 
indicated the falling ROII. In the quadratic function, the posi-
tive γ meant the rising ROII after the fall, while the negative 
referred to the drop after the rise. In the logarithm function, the 
worksites with the positive β witnessed the increasing ROII, but 
the rising rate was slowing down. Meanwhile, those with the 
negative β showed the falling ROII, but the decreasing rate was 
also slowing down. In the exponential function, the ROII in the 
worksites with the positive β recently went up more rapidly af-
ter the steady rise. Moreover, the rate in the worksites with the 
negative β recently fell more sharply after the gradual decrease. 
Hence, the ROIIs in each regression analysis were differ-
ent, depending on the coefficients-α, β, and γ. Therefore, this 
study conducted a cluster analysis to estimate more consistent 
ROII patterns by setting α, β, and γ as variations for the five 
functions. 
In this case, it was important to remember that β, which 
signaled the ups and downs of ROII, had very different mean-
ings whether it was positive or negative, although the β absolute 
values near zero were categorized into a single cluster. To ad-
dress this issue, β was converted into the values from the equa-
tion (1) through the sigmoid function, which maximizes gaps 
among the values around a certain point while reducing the 
gaps among the values above the point by converting the values 
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 In the equation above, a and b refer to the area of the sigmoid function and the shape, 10 
respectively with location-related coefficients, c and d. When a was set at 2, b at 0, c at 0.01, 11 
and d at -1, the previously mentioned issue of the cluster analyses was resolved.[20]  12 
 13 
2.2.2 Clustering step 2 14 
 15 
Clust ring step 2 aimed to understand the density of the clusters consisting of N worksites 16 
in the P dimension built by parameter coefficients, which had been estimated by the pattern 17 
fitting analysis. Based on the cluster types and the similarity measurements, there exists 18 
several methods. When the distance between the objects is long, similarity increases. This 19 
measurement is usually conducted by Euclidean distance, Minkowski distance, Mahalanobis 20 
distance, Canberra distance, and Czekanowski distance [21]. However, Euclidean distance 21 
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In the equation above, a and b refer to the area of the sig-
moid function and the shape, respectively with location-related 
coefficients, c and d. When a was set at 2, b at 0, c at 0.01, and d 
at -1, the previously mentioned issue of the cluster analyses was 
resolved [20]. 
Clustering step 2
Clustering step 2 aimed to understand the density of the clus-
ters consisting of N worksites in the P dimension built by pa-
rameter coefficients, which had been estimated by the pattern 
fitting analysis. Based on the cluster types and the similarity 
measurements, there exists several methods. When the distance 
between the objects is long, similarity increases. This measure-
ment is usually conducted by Euclidean distance, Minkowski 
distance, Mahalanobis distance, Canberra distance, and Cze-
kanowski distance [21]. However, Euclidean distance and 
Minkowski distance do not have scale invariance. To solve this 
Table 2. Accident cases, victims, and ROII at worksites with 300 employ es or over 
Year Worksites Workers Injuries and illnesses ROII (%) ROII deviation (%)
2001 295 435,247 2,781 0.64 28
2002 295 448,474 3,538 0.79 37
2003 295 428,930 4,906 1.14 68
2004 295 444,409 5,338 1.20 66
2005 295 455,322 3,866 0.85 44
2006 295 436,312 3,055 0.70 36
2007 295 442,902 2,764 0.62 32
2008 295 409,975 2,888 0.70 62
2009 295 440,986 2,154 0.49 29
ROII: rate of occupational injuries and illnesses.
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issue, standardization can be applied by dividing variations by 
standard deviations and removing measurement units. Applica-
tion of Mahalanobis distance [equation (2)] can also provide a 
solution by considering causalities among variations. 
9 
 
and Minkowski distance do not have scale invariance. To solve this issue, standardization 1 
can be applied by dividing variations by standard deviations and removing measurement 2 
units. Application of Mahalanobis distance [equation (2)] can also provide a solution by 3 
considering causalities among variations.  4 
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Based on the distance matrix-D estimated by Mahalanobis distance, the worksites were 10 
clustered by merging and dividing. There are several methods for clustering, such as single 11 
linkage, complete linkage, average linkage, median linkage, centroid linkage, and ward’s 12 
linkage. The single linkage is convenient to pick isolated clusters, requiring relatively short 13 
time for calculations. The complete linkage focuses on cluster density. Ward’s linkage 14 
minimizes information losses caused by clustering objects. Since the number of objects 15 




3. Results 20 
 21 
3.1 ROII analysis on manufacturing sites with 300 or more workers 22 
  ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ (2)
Based on the distance matrix-D estimated by Mahala-
nobis distance, the worksites were clustered by merging and 
dividing. There are several methods for clustering, such as 
single linkage, complete linkage, average linkage, median link-
age, centroid linkage, and ward’s linkage. The single linkage is 
convenient to pick isolated clusters, requiring relatively short 
time for calculations. The complete linkage focuses on cluster 
density. Ward’s linkage minimizes information losses caused by 
clustering objects. Since the number of objects (worksites) was 
relatively low, this study chose wards’ linkage. 
Fig. 2. Results of the first step clustering though regression fitting.
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ROII analysis on manufacturing sites with 300 or 
more workers
The analysis on manufacturing sites with 300 or more workers 
revealed that the ROII had climbed by 2003. Since then, the 
rate has steadily dropped, posting 0.49% in 2009. Meanwhile, 
the entire manufacturing industry recorded a whopping 1.04% 
in 2009. Therefore, it is assumed that small-sized manufactur-
ing sites are responsible for the majority of injuries and illness-
es.
When the number of workers at each individual worksite 
was designated as weighted values, the ROII deviations were 
very high, posting 68% in 2003 and 62% in 2008. This means 
Fig. 3. Results of ROII pattern classification through the 2nd step 
clustering.
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that businesses have significantly high gaps in terms of capabil-
ity of preventing occupational injuries and illnesses (Table 2). 
ROII pattern clustering
As a result of  the first step clustering through the regression 
analysis, 29 worksites were assigned to the linear function, with 
50 to the quadratic function, 95 to the logarithm function, 62 
to the exponential function, and 54 to the sine function. Those 
at which injuries or illnesses had rarely occurred from 2001 to 
2009 were classified separately. Fig. 2 shows the regression co-
efficients converted by the sigmoidal function.
Fig. 2 presents the results from the cluster analyses on the 
worksites classified by the ROII patterns in the first step clus-
tering in accordance with the five functions. In doing so, the 
ROII patterns at each cluster were drawn to understand their 
characteristics. In the linear function, among three clusters, 
Cluster 1 had a rising ROII, with Cluster 2 having a dropping 
rate. Cluster 3 demonstrated an extremely low ROII, which 
was still falling. In the quadratic function, Cluster 1 showed the 
rising pattern after the fall, while the ROII in Cluster 2 dropped 
after the climb. Cluster 3 also demonstrated the decrease after 
the increase, and the fluctuation was significant. In the loga-
rithm function, Cluster 1 recorded a very low ROII, which 
was still dropping. In Cluster 2, the rate was high, but dipping. 
The ROII in Cluster 3 was low, but rising. In the exponential 
function, Clusters 1 and 2 had declining ROIIs, while Cluster 3 
presented a rising trend. The sine function had wide-range fluc-
tuations on an annual basis, thus making it difficult to identify 
the consistent trend. 
In the step 2 cluster analysis, 14 clusters with similar ROII 
patterns were created. Fig. 3 presents the relations between the 
falling rate of  injuries and illnesses and the ROII. The work-
sites, at which injuries or illnesses had not or rarely occurred, 
were considered as leaders in accident prevention. Since these 
leading businesses have secured various prevention measures 
and sound workplace culture, those in the other clusters should 
benchmark them. In addition, it is necessary to build a network 
for workplaces to exchange information on prevention of inju-
Fig. 4. Safety culture network for accident 
prevention.
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ries and illnesses. Companies are profit groups, participating in 
the race of harsh competition. However, in terms of promot-
ing workers’ safety and health, businesses should pursue co-
existence and partnership, refraining from competition. 
Cluster 3 in the linear function showed a relatively low 
ROII, which was still declining. Therefore, the worksites in this 
cluster should share information on prevention of illnesses and 
injuries with those in Cluster 2 in the linear function and those 
in Cluster 1 of the exponential function which had a dropping, 
but still high ROII. 
Clusters 2 and 3 in the quadratic function demonstrated a 
falling ROII trend after the past climb. It is assumed that they 
had identified the risk factors and prepared sound prevention 
measures. In this context, it is recommended that these work-
places provide information to those in Cluster 1 in the qua-
dratic function, of which ROII recently rose after the past fall, 
and those in the sine function, which showed wide fluctuations 
without clear ROII trends. By understanding these ROII pat-
terns in each cluster and their characteristics, the network for 
prevention of occupational illnesses and injuries can be forged 
(Fig. 4). 
Discussion
This study surveyed manufacturing sites with an aim to build 
a network for exchange of  safety knowledge, which would 
contribute to workers’ safety and health and safety climate. The 
authors formed clusters according to the worksites’ sizes and 
business types to facilitate the exchange of safety knowledge. 
However, the worksites showed different ROII patterns even 
within the same clusters. Therefore, in addition to the business-
es types and sizes, other factors should be considered including 
companies safety policies, leadership of  senior manager, the 
attitudes of  safety mangers, education programs for workers, 
and solutions for workplace risk factors in order to accurately 
determine the safety statuses in each worksite. However, it is far 
from time- and cost-effective if  all these factors are investigated 
into. Therefore, on the assumption that the ROII is a compre-
hensive indicator resulting from all the previously mentioned 
safety-related factors, the authors divided the worksites into the 
clusters with similar ROII patterns. 
The worksites were separated according to the five func-
tions, and then categorized into ROII patterns, thus creating 14 
clusters. It was found that each cluster had unique character-
istics regarding ROII patterns. Based on these differences, the 
authors selected exemplary worksites and built a network to 
help the worksites to share information on safety climate and 
accident prevention measures. The network for safety knowl-
edge will lead to collective intelligence - which makes better 
value judgments by a group of  laymen than those by one or 
two experts - for safety climate among workers [22]. Workplace 
conditions and safety climate can be dramatically improved 
with the help of workers’ intelligence. To this end, a proper net-
work should be in place for efficient exchange of information 
on health and safety, since this network promotes cooperative 
relations among similar worksites and helps to benchmark 
exemplary workplaces. Especially, safety managers and senior 
managers can play the key important role in sharing experience 
among worksite and delivering the exchanged information to 
workers. Typically, businesses are profit-driven. However, work-
ers’ safety and health should not be viewed from the perspec-
tives of profits, but from those of the public good. Only when 
safety and good health among workers are secured, can labor 
force be supplied to the economy on a stable basis. 
Authors suggest the necessity of  future validation re-
searches on clustering based on ROII using relative criteria or 
external criteria. Some action demonstration program applied 
to sampled worksites in future will confirm validation cluster-
ing, efficiency and effectiveness of networking among worksites 
for workers’ safety and health by developing safety climate.
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